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By Oscar Seiallul ala George r. Wmmgall, Jr.

A modalof the DouglasDC-3
f rae- spinning txmnal for several
for the airplaneas a whole,the

alrplallaVas testedin the 20-foot
lodU.ngconditions. The loadfaotor
load m the horlzomtaltail,and the

forceraqulmtlto start numingthe elevatardowmmrd wars estimated
for sane& the steadyspins. !Chealtitudeloss In the recoveryfrm
a spinand In the pull-outfrcm the ensufngdivawas alsoaOtannlnOa.
Althou@ recoveries were fdrly ~ia, It me ccmolmdedthat,because
of possiblestamcturalovm?lomland hl@ oomtzwlforces,it wouldnot
be safeto put the DC-3 alrplma intoan establmhad spin.

IREmmTIolv

ConsiderableInterestMS ae~bpea h recent years In the spin
Oharaotmisticsd tmmpmt-@pa airplmes, of tiichtheDouglasDC-3
is a repsantative exampla. Seriousaocmants ham occurred,

tiiOh bVOStigdXXCY4 C-WM dght hSVS ~mtea fXYUUdzw mO
Spills. Afr-llnapilotsham reportedmmwmtant Spinson regplar
air-llnaequlpaemtan quite a few occasions.

It Is miterstooflthat m alr llnescheekpilot~sonnal In
‘one-turnspinscm standardalr-llnetmnsw+9. npia recoveriesware
obtainedwhenrudbr and elevatcm were &versed. There 1s, however,
littleadditionalInfmuatlm ocmcerningthe sptiCharaoterlsticsof
transport-typeaircraft,althuu@ modelsof sane tvln-enginemllltary
elrplaneshavebean testedin theEACA lq-foot md 20-footfree-aplxmlng
tmmels ●

—— . . —
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The CitilAemnautlca Board In a recentrew cm a lmuaport
accidmt (raferauoe1) recmmnded thata model of tie JX-3 airplane
be teetedIn the lUCA free-splnnlngtmnal. A 1~3 ●75-eoalax)dal
uaasotasted andtha resultsmwgi~lntie~mmtraport.

The dataobta-il in the teatshave been evaluatedto give the
attitudes,the velocities,and & loadfactors,dcringthe established
spins,as well as the relativeeffectlvamesaof varlouecontawl
mmipulationsfor recovery. Informationcm load factorsin Elplnswas
raquaatedby the civilAermmtlm Authml* for use in cannactlon
With folnnllation& simctural-de8i@lrequll’emnte.

All testsVelw for the cleanCclnditlcmjthat 1s, flapsd l+lng
W ~ not Hhzlated. l!heeffectsof *ation In the loading
ctitim ware dOtO*a and * equlvalemttest altitudesW3U-O
covered= Brlaf testsof Invertedspinsvere alsomade.

J@Pmm!us

The teatsuera parfomed in the
the operatlm of which is similar to

tunnel as describedin reference2.”

Alm KmEL

lTACA20-footfree-spinning tunnel,

that of the 1~-fmt free-spinuing

The mdel, Wch was 4 feet in span,was constructedby the EACA.
Lightnessh stmctural weightwas obtainedby usingbalsaribs
coveredwLth dopedpaper h the ccmkructionof the fuselageand
wlnga. The necellLes,~ tlpe,and tallsm?faceswra of balsa.
Lead wights wn’e Installedin sulteblelocationsto bring the tctsl
wei@t, the centerof gravt~, end the mments of inertiatc the
deelredscaled-downvalues. An.electricallyoperatedremote-control
mechanismwns installedin the mdel to move the controlsurfaces
duringthe recmery tests. Photographsof themdel are givenas
flguras1 to h. Theeepho~phs & not showthe allemns which
ware installedlater.

The exactcontroldeflectlcmsfor the mibjectalrplanawerenot
knoun*an the testswere startedand the foil.mingnormalmaxi?mln
controldeflectionswere =bilamrilyused (a latercheckahowadthat
the valuesused for the rudderand elevatxndeflecticmswere coxzwct
and thatthosefor the aileronswere In errorbycmlyafewdeg):

Rudder . . . .=...=... . . . . . . . . . . 30° left,30° rl&t
‘Elevator. . . . . . . . . . . . . . . . . . . . “ 30° up, 2(P do*
Aileron . . ..o. ..m ● 9=0. =. **9.= 250 ~, 15° b
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ZTEm”ooEm!cIoEs

The mluea o-ted ~ theEMA for the DC-3 airplanewarefor
themaxlmmapaseengexrocmlttlm: 21 paaamgem, pilot,oo-pilot,
Btemrdeas, d de-iolngequlpaallts !510 loawag ptlon till
herelnafterbeti~toas- %mnalloadlng.

The data f= the IHC are for the “aleepmn oondltlcm with pilot,

Co-pilot,atewardeso,and 14 pae~.

A comparimxi of the two IWtS of data, for landlnggearretracted,— —
follow :

M-3

W&, pounds

. . . . .

Z)5. . . . .
Ix, slug-feel?
Iy, slug-fee#
12, al~feet?

b, feat . . .

● ✎ ✎ ✎ ✎ ✎ ✎ ✎ ..9.9. 9 25,a.. .m24,000oo
. . . . . . . . . . . . . . . 0.24T . . . . ..o.2o4.
● . . . . . . ● m..... ● -o.IL6 . . . . . . -0.112
. . . . . . . . . . . . . . . 66,@0 ● . . . . .63,930
. . . . . . . . . . . . . . . 91,690 * . . . ..sQ.97o
. . . . . . . . . . . . . . . 1X,400 . ● . ● ● .145,300

. . . . . . . . . . . . . . -0.00347 ● ● . . . -0.004*

● ✎ ✎ ✎ ✎ .m. .m. . . ‘O.-3 . . . . . ‘Omw

9 . . . . . . ● . . . . . . o“-- ● ● ● “.04MU

● ✎ ✎ ✎ ✎ ✎ ✎ ● ✎ ✎ ✎ ✎ ✎ 95=9*** 95

.-, -, . . -. . --- -.—. --
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Xfe ratio & dlatmce & centeral?gravityrearwardof leadlng
Odgeoflu?mlwmdynmi Cchadtomeml ~c **

Zp ratio of distancebetueencentm of @ati@ and -t line
to mean aerdymdc chord (positivewhen centerof
gravl~ is below tbruatline)

Ix> lYz ~ mcmenta of Inertia about b~ axes X, Y, and Z, respectively

Q, ~, ~ radii of gyratlm aboutbody me X, Y, and Z, respectively

b --

The a@wemamt betveenthe Iwo aeteof
re@onable and the computedvaluesfor the
for the model tests.

valuesWaa ccul13Mered
IX-3 were takenas appro@ate

It will be noted that the maes dletiibutiaaa meaauredby the
relativevaluesof Ix d~waanot lllmlihatof the average

ntultienglnealrpk. (Seered’erance3.) While for mat multhnglne
militaryairplanes Ix is greater&au Iy, fcm theDC-3 the revarae

ma true. TMa ccmdltlonevidentlyresultedfran the relative- greater
utilizationof the fuselagefor camying item!of load.

For the mati portion of the taste,whichwere performedat
10,000feet equivalenttestalti=e (p = 0.001756slug per cu ft), the
model loadingcondltlondmlated the scaled-downvaluesfor the
DC-3 alrplanamaxlmm paaaengarcauditlonwitblntie folhwlng llmlta:

WOl@’lt. . . . . . . . . . . . . . . . . ...*..... . tl percent
Center-of-gravl@ location. . . . . . . . . . . . 0 to 0.035 rearward

{

of nornlal
Mcfllanta Ix . . . . . . . . . . . . . . . . . . . 3 pmxnlt low to

11 percenthl@
of IY . . . . .. o..=.=.. . ..=. 10percent lowto

4 percent hi@
inertia %3””””””””””””””””””” 6uP&~~yi:

S-cm prelhinary teatsweremade at an equivalenttestaltitude
‘of25(XI feet (p = O .0(2209 dug per cu ft). me mdel vae ballaeted
to re~sent a prel~ es-te of the mm distiibuthnof the
full-ecalea+@ane, refereedto hereinafterae the “pellmlnary
normalload, tilch waa as follows:
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Wei@t, punda =9..== . . . . . = .-.=..=..- ● == 25,5%
X/6. ..*. .*. m=a. ● ==. ~.*==.***=* ● * 0.252

., S/G. .. F.-.... F...-.. ..m.8. ., .. . ..m. m. B -o”9115
Ix, olw@ae#wo==. o.. =o •.o.===-.~~=- 85,260
Iy, dng-feet?g ● .= ● ● ● ● ● ● ● ● ● ● ● w ● = ● .= ● ● 9Q,310
IZ, alug-fee# .=...=-= .~ao-==s.~.~m.~~l@,&O

TheJDodelloadlngw heldto ~ valneagivamwlthlnthe followlng
llmltm$

welgtm.”.i. . . . . . ● . . . . . . . . ● . . . ● - . . . -A prcun=
Canter-Of-@p?avi* I.ooatlon . ● 9 8 ● ● ● . ● ● o-on fbrwra tQ 0=015

{

*ti. I ' m . . . . . . . . . ;
P

. * ~t -low tb” 4 ‘m=!i
of 5permntU nrti5peroeartWgh

inertia 2=::=::: 8~ent Iowto2peroenthlgh

The DloLlelwwori~baUaated toolooermtatimti
b+, in the courw of teatlng,tierewme ~ uelghtohangeOafter
w - repair.

mf~ticm on Varlouo Uperating load Ooawtla fcm the ImJ-3
was ob~d fran uel@t - balamo estlnmtesprepareaby theT&u@m
Alroraft Cuq)anym

The prlnolpalloadccmlltima, other~ -e ~ w-s=
comdltlcm,with emtlmatedacmreqnmdlng7M88 Oharaoterlatlca(the
esthated oenter-of-~vl@ looatlonaare approx.O.O* rwrward of
threegivenb~ tieDonglaeAlroraftc~) m aa follcYva:

~t d Inertia

Conaltlal Wel@ht =/~ -(slug-f#)

(a) % % %

Max. foriardO.g. 20,886 0J48 66,280 77,860 136,100
Max. lwa2wa’d C.g. 21,883 .314 63,3M 93,61.o W,ooo
600 gal. ml 25,554 .235 6!3,360 P,580 149,900
Max. fuel Q5,5* .280 e3,100 94,400 155,000
Max. cargo 25,451 .216 a,hao 1.05,000 165,400

An Investigationma made of the tieota of -s in mace
dimtiibntlonm the spinoharaoterlsticad themdel. The center-
of-~avl~ locatlm and the longltadimlmd lateml mama dletributions
were variedthrou@ wide limitsbut We alternatefll@t load ccmdltion8-
W lx)tSpeOtilcallytestes.

All tests were for the cbm aohditltxi:*elm re*acted and
flapa~.
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Thereaulta *icherepreoentedti chartal tc5aMintablel
wereobtalnedaadeacrlbed lnrefarance~= Themgle a iswmaured
betwen the *t -s - the verticalaud is approximatelyequal
tothe~e dattackintha plane ofaymwtry. Theangla @ 1s
the anglebetuwn tie lateral,that 16, apau axiB - * tiizcmtal
and i19positivewhen the *t ~ is doun. The full-scalerate
of deaoant V is given In feet per secondtrueairspeedand tie U-
scaleangularveloc1* fl is givamin revolutlonaper second. The
loadfactorforthealrplane aa awholeaa ahcwnaatheohart~ IS
ccqputedaa l/sina on * aaamption that tie reoultantaerodynamic
force In a apln 1s appro~taly xxmnalto the almlane XT plane
and that lAlemrtical c~t aC thisforcemat equalthe wlght
of the *-• (*~e~12~ cf incidence.)The aideallpcan
be ccmputedam

& v
e. The hellx anglewaa
0 for right aplna. Recoverya~xlmately - for left aplnad

was ganerallyattcsrptedby reversalof the ~ frau fullWIW to
full agalnatthe aplnal- o-r contn=olnmnlpulatlmawere also
tried. .

The preclalonof the teatreaultala believedto be within the
follcwng llmita:

V,~Ollt . . . ...=*.* ● . . . . . . . . . . . . . . . ..~2
Sl,~~t . . . . . . . . . . . . . . . . . . . . . . . . . . ..*
a,depea=..~.m ● 9 *****m-m.* . . . . . . . . ..?1
@,&~O . . ..*. .*. .**. ~.... . . . . . . . . ...21
- furrecovery.=== ● 9*== **0= =.9.. . . . . . ?1/4

The preceding llmltamay be exceededfor certaincasesin hlch
it IS difficultto handlethe model In tie tunnelbecauaeof the
vanderingor oscillatorynatureof the apln.

Conrparleonof nmdel and dx@.ene spinreaulta(re#%rence2 d
uq@bllahed data)iMlcated that,becauae of scale and tunneleffects,
lack of detailin the model,ml differencesh qperatora’techniques,
the apln-trcmelreaultaare not alwayain caqplete~emant with full-
6cd.eapimllngdata● In general,fcm a givenloadlngcaudltlonand
con-l aettlng,the*1 steady-aplnreaultahave M a mxzewhat
amller angleof attack,a acmmhat higherrate of descent,and at a
givenaugleof attackflwm 5° to 10° more CUM sidealip. The
cmpariaon ahcwedthat&l percentof the mdel-recoveryteata predicted
aatlafac*lly the comeapcmdlngfull-scalerecoveriesand that
10 percentoveremtlnn~dmd 10 pement undereatinmtedthe full-scale
recoverlea.
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m w *-iieiltiltbll a?“* results,“*O gelxralErplndlara@erlstic3a
- W ei’feotsC& variationsIn loadlngamd oh-a In mntrol pcmitiom
me dlmusmd firstml a dOtOiba enalysls d explanaticmof mrtain
pcdnts1s givenlater● Thagreater partotthe resultawa’aobtained
with the model loadedfar an equlvalanttest altila@eof 10,000feet.
Testsvitb *I8 loadingWlloatad that,bemuse of scnmaeymmtry in
the mulelremiltlngf’zxmdamga d=lng earlierteotswlti the prallmi~
normalloadlng,laft spinswam ecwndmt flatterthm rl@t spins. The
reglllartestprogramwas oondmted vith spinsmade to tie left,glvlng
eligbtlyslowerrecoveriesend ecamdmt smallerload fac*a thenvould
have been obtalndlfor the gppoaltadiraotlm.

5.
7
J

Equlvslunt Test Altitudeof 10,000Feet

JwYmalloadlng.-lb generalspin end reoo~ ohsracterlatlcs
fortienorml loadlngare shownInchartl.

For the normalcontrd.ocmfiguratiaufor spbnlng (rudderwiti
the spin elevata up, - ailarome-neulmal)the =del spunsteeply
(a = 35°f, ~ti ~m~ fuU-i30de rat= of *scant d l’@ feet

r
aaoondtrue airspeedmd full-scaleangularveloci~ of 0.29 rpa

mw@JMts= 395 Bec f~ 1 ~) ● me ~~ f** f= *e al-~
duringthis eplnwas 1.73. Raoovaryby rewmml aP the rudderwas
rapid,oocurrlngin 1 tum. Afterrecoveryfrom tie spin,themdal
daacendadin a ateapglidswI* a snmll anmut of rolllng motion.

WI* the elevata set at neutral,tie spinwas flatteraml the
rate d descentaxil* lo~ faotm were lusar. The rata of rotation
imx.xmsadbut tham was no effecton tie raplditwof reoo~. After
the rotatianceased,~e mdel divsds~@t down. Settingthe
elevatordam had only llttlaedl%otcm t&a spin oharacterlmtlca.M
tie lastportia of the rso~ vlth lMt3 elevatm setting,tie model
pitchedovs@ OM itsback and glidedInverted.

It was noticeddwing * testprogramthatmmvarlee wars
~ally similarto the Wrea @peIB~t desorlbed.The motionduring
the raoo~ we datemined Pl@lY by the elevatordeflwtion
diningtie recovery. The ttuwa&pse are IllustratedIn flgmras5,
6, IKUI7.

The ailaron-tithspine(leftailaronup and rl@t allarondown
In e left spin)were similarto the elavatormp allaron-neutralspin
and recoverieswan r~ld. !!%smodalwas not testedwith the elevator
up and ailemne aga-t the spinbecausead?the e=emiw oscillation
with *IS con&ol Conflglnwticm● A l!lb~ spinwas obtainedwith this



elevator-aileroncaf~aticm wham the rudderdeflectim
to 35° with tie apim llaco~ fmln aim Upin- I’apia,

/

Waa inoraased
therebyImlicatln

thatreco~frc iitheapinwititie~ruddar 6attingwuld have
been rapid. With the elevatcu’nmtral .aM dam, the ailaron-againat
apinawere tiightlyfletterthan We comeapmdlng qpinawith eilarona
neulml, but recovez7ma stillaat18faotmy.

TM nmdel -a not spintith tie elevatoraet at neutralor down
and the ruddermutral. Wham lmxmhed witi elevatorW, the mdal
desoendedrapidlyand etmck the xmt *he stillrotating.

variation.- A bemfiohl effect- the elevatcmwas
neutralor dcnm ma apparmt ldmnmamwmaddedalmg the winga
(chart2). Althoughthe model generallyvouldxxh spintith *ese
elemlxx settinge,recovmy was retarded*an the elevatcm=.waaQ and
loadfactma h- than ilmaepreviouslyobtainedvera indicatedwhen
theelava* wa8upand theaileK’cu19wuw neutral.

The tests indicatedthat, vith a lar~ increasein load alongthe
vingu,reversalof the rudderalom wouldbe inadequatefor satitiactory
recomry md -t It wouldbe essentialto put tie stickforward.

The &fact & chmging themum distributitm alongthe f’tmelage
1s E&H in chart 3. RawmingmuJs from the ituzelagegavereaultaelmilar
to thosepreviouslyobtainedby addingmaas along- winge. AMing
maae almg the fnae~ was detrimentalfcr 8pin9with the elevatar
neutralordownaMthaail~ neula?alcra@in6tthee@nm For
theseoasesthe spins were flnt and recoverieswere too elm to be
aatlafactmy.

With this excessloading alongthe fuselage,recovcmytest~wre
made vith otherocmtrolmanipulaticauz.In gameral,merelyneutralizing
the rudderwaeJnot satlafaotory(chart3) and releaaingthe rudder
(table1) was less effectlvathanneutralizingthe rudder. These
remlta indicatedthat the ruddermet be cuqpletelyrevaraedfor
met satlsfacto~recov~ end thata definitefcu’cemat be applled
to acconpllahthe reversal.

The reaultaof taeta made with large changesin tie oenter-of-
gravi@ locatlon,coveringa rangegreaterthan *at indicatedfor
the full- scale airplane,are pmwauted in chart4. Movementof
the center& @wl@ 15 percentof the mean aeromc chordforward
of nonMl, *t 1s, to IO percentof tieman aerc@umic chord,was
advantageousin that tie modelwouldepinonly when the elevaturwae
‘up and the allercnewere neutxal.or with the EPin. Recoveryfrau the
allamn-withspin was rapidand It is belleved&at recoveryfiwu the
aileron-neutralspinwouldalsohave beam rapid. Therewaa no appreciable
afi’ectaf~~thecenterbf ~ty6percentti*meenamwymmiC
ohcmdreanmrd cd!’norml,that is, to31percat of the mean aerodynamic
Ohord9
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!Chepreoedlngilleoustsicm showsthat defleotlngthe ailerons in a
givm Mreotiom ~ be bamafiolalor de~, ~ on the exaot
~ OCXMUtim, SIM -t the effectimmesoof * elevatm till

,.,. “=w-”titi* ~. Thexxll.olllntmaSFl for * tJas19.--* of
lwmtla~be inerrorbyasmnoh ae%peroent and, lnenyetit, the
~w_~~f~Em durlwaflU@t ma=mltof
o~~ ~ -1 = =~==#ff~I=&:= ~~It
therefoaw seem deoirahle
tbrou@mt *e apln and to attamptrecovcnyby firstreverelng*
rudderti~pushlngthe elevabr tovardneu+mal.

The prlnoipalfllght load oail.ltlcmw differ &n the normal mnditlon-
by someoaublnationof oh-s fn osmter-af-~vl* looationmd In
loaMng alongthe wing cw fueel~, suohas thoseteatiflon the dol.
The model testscan be used In ~lctlng the resultsfor the al*te
flightloadlngs●

It a~ that theretillbe littledlffersmoebetween@.ns with
tJie~loadlng endeplneuiti anyofthe follovlnglo@in@:

(a)

(b)

(c)

Marinumresmerd cmter of grati* (alrplam mg tlesaemflmore
SlowlyOwing to li@ter uel@lt)

Msxlnmmfuel Condltlcm ‘

600 gallcmeof fuel Odltion

With ~ fonmrd centsmof gravi@, the alrp- tillprobab~ spin
only-m the elevatar1s ~. The6e eplnewllJbe 13teepend till,
consequently,have high loadfaotom. With the~ car@ Ccmlltion,
elevati-up or aileron-wllhcmflguratlcsleulll stillgive satld’actory
recoveriesbut theretillbe a tedlenoyfor elevator-downaul alleron-
agalnetccmlm31settingsto @vu slowrecoveries.

Beoauseof the fliversi~of attitudesat whiohthe model epm,
therewas considerableMf’’fermoein the valuesof tie spinperamelmw.
The~anUmi3xlmmmlwm otscmeof theaepermnetersm.w listed
beluv:

7 7
a v n

Load factor
(w) (f*/see) (rpe)

h. value 68 206 0.40 2.04

\ MlXl=value w 121 .24 1.08 \

The high loadfactorsand hl~ ratesof deeoentare obtelnedfor the
StS~*St -he ●

—
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Equlvalamt Teat JUtltuilaC& 2500 Feet

I&et3t eD ins.- For the testsat the 2500-foot equlvalant test altitude,
themodel was ballaatadwihga pralimlnmy estimateof the llmlmmeof
Inertia. A cmparlsau ~ *EW nmaautacd!inertiaW* the finalcauputetl
valuesshows&at Ix md ~ for the tests●t 2500-footequlvalamt

pralimhnry nonualloadinghad relativelymaw mea dle~ibuted along
the wings thm the final loadingo

For the Inltlaltests,the modalwas practloally_trlcal and
lad% eplnawere quiteelm- to ri@t eplns● It has been previously
lndlcatedthat,In the comae of the pral~ tasting,the model
laterbeoameellghtlyaey=etx’lcalas a resultof damageand repairand
-t spinsto * let% became sawaat fhttar md steadlarthen to
tie right. The remiltef= 2500-footequlvahmt testaltitudewere all
fcmrlght sp-=dmpma=nw onohart 5(allercQewre not
installedfor thesetests).

!hre ware two @pes d? spin for * elevator-qpccmfigoratiom
whenthe mxteluae lnthe~limbaz7 nonnnlloadlngCondltltm.Both
spinswere steepand reoovarles-e rapid. me nmdelumld not spti
W* elevata neulaal.or &un= Therevasnoeffeot oalreco~ Of an
increaseIn themass dlstiihutlm along the wings but the elevator-up
spin-S = St8Spand the loadfao- -ssed to 2.4. Thtme -S
ILOeffeotof moderatechangesin *e cent= of ~avtty but W model
wouldnotspln whemthecemter cf8rati@ w315pem3ntofW mean
a~c c~ f~ ~ ~, W* is, at 10 p~~t ~ the
mean aemLQllamicOhard●

Inoreaslng W mass dlsfa’lbutlan alcmg lb fuselage or a ccmiblned
increasein themass dls&lbutim along* fuselageand a rearward
movement& taleCmter C# gravllqylml% eommdmt detaimntal. Witi
eitherof theseloadlngcmdltlcma, themcxlelwouldspinwith the
elevatirneu= m down= Althou@ saw af thesespineweme relatively
flat,reooverlesware ~pia.

pwarted SDlns.-The modelwas launohedIn a sptitith the rotation
countercloc&lsewham tiewadft%xnabovebmauee &is directionvas
mm convenientwith the existingcontawlaeohanismInstallation.
Regardlessof m -r m tie elemtor setting,with allarms neutial,
the model stopwd rotatingalwst imnedlatelyafterbehg lamched
and diveddown Intotie safetwnet, Indicatingthat it wuld not spin
Invmted If the aileronsare neutial.

Effectof altltude●- For the prellmimqyncmMI.mdel loading
at 2~-foot equlvalanttest altitude,tie dls~butim of mass along
the spanwas conei-abg gma- m -t at 10,000-footequivslamt
test Sltitzlde● Aa previouslymamtioned,urnInoreasein themass
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dlstz?ibuticxl along the WlrIg et lo,ooo-footequivalent altitudeled to
.

a condlticmIn tiichelevator-downdei’lectlmawax=favurableIn -t
the modalma not spin. It 16 felt,tlmrefw?a,that the apparent

‘ ahangafra”a mmdltion .lntiloh~ mdel mul.dmt aplnat 2500-foot
equlmlmt altitudevIth the elevatcmneula=dlor doun to xwlatlvely
flat aplnaat 10,000-footequivalentaltllaadeIs oauaedby tie
Mfferenoeintbeloadimg- thewlnga amlthatthexin
equlvalmt altltudedld not ~atmtlally affeot - apln charaoteriotlcs.

Ih the preceding dlaouafsicm, the gmeral
zrplnad? tie DC-3 mdel ham beem deaoribed.

oharaotemiatlao of the
Certain featanxm, moh

aii the -h path md xttlcm, the ao~ fome6, md the lohdfactcm,
are believedto be cd?sufficientinterestto wament detailedconalderatlciu.
Saw & thesepointsare & eapaolalhportmoe in slawoti deai~
cmaidamationa.

Motiaa In a Typical Steep Spin

Comiderdble Intxuwathaa beeua”e~esed h tie mticm of tie
DC-3 airplane dmrlnga apln= duringreoo~ ~. The ncxma
Bpln, with elevutorup - allerona-neutral,ma fair= steep (a = 35$.
I%r thle spin, which IS Qpicdl of the steeper apha obtained,the
attitudeand the rotatlomalmotiomof the-1 m ahounby mtia
pfCtlU’1313in fQure 8. Plc*ea of a reoo~ from a stiller13plnare
ahounin fi

r
5 “ (c~ -f’= tie @OtOLPW@Mof figs.8

and 10 was framesperaeoand forthoaeof figs.5t07was
32 frameaper sac. The harizmtal line In the b~ of fi~e
pictures1s the tunnelhorizontalrefereme llne. )

In tie interpretatlmof thesephotogrqpha,it must be appreciated
that dmlng the steadyaptithemodelrmalned ●t a fixedlevelbeoauae
It wee eplnnlngIn a colsmnof alr *t waa rlalngat 35 feet per
eeoond,comwepondlngto 172 feetper eeomd ftUl scale,and tiat
dmlng the reco~ the drapaed was Inoreaaedalwvethisvalueto
c~ate partlyfor the lnoreaaedrate of descmt of the model.

Aa an ald In vlauallzlngthe actualmtlca, figure9 has been
preparedahovlngthe full-ooalealtitudeleasper tmn, radiua,and
estlmatadrecoverymtion fm tie mm apln. Ming tie steadyspin

‘the full-aoalealti~ loanper.tam w tit 600 feet but, af~
the~wae revereed,tie altltuda10s8waa dbout1000feet for the
remaining Innn. At thispointthe rotatlm had stoppedbut tie rate
of deaoenthad increaeedto 254 feet per oeoomd~ almpaed. The
path duringthe reooverywaa eetlmatedfran the motion-picturarecord
uhlch e?mnmdthe inoreaaein rate of deeoentmd the radluaof apti
duringthe moovery.
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Aa haa bean prevlouaQ no=, the mdel fli@t path duringrecovery
in &pendant m W elevator6attlng. I& the reco~ ahounIn
figuras5and9, tieeleva_waa held fullmpuhen-~waa
reversedmd the flightpath titerreaovaryhad a noticeablehorlzomtal
c~t “ H the elevatm had beam mhdmallzed whm the rudderwaa
reveraed,Wemodelvould have gonadoun lnava%lca.ldlva aftartha
mtiti= oeaaed(fig.6). A C-M ~aFtherudderaud

elevatorweuldhave lad to ● ccmdltlonIn whichthe modelwouldhave
tmaninaniwarteddlvaqrecoq frau*qdIL(flg.7). From
* foregoingdlscusaim, it Is apparenttiLatfor this alrplanaIf the
elevatm is kapt,fm exqple, about10° *= the nau&al position
recoverytillbe zmootherthan If the elevatcmis -.

Moticm In a Flat Spin

Uhder CmrtalnCcaadltlcmaof loadlngand Cmla?oldaflectlcnln,flat
aplnamay be amcouutaredwIW * DC-3= !l%e anglee of attackfar the
flat apinaon the modalwere aa hl~ as 68°.

Motionpicturesof a Qpical flat spin are * in figure10.
For tiia spin the angleof attackwaB 630. The rata of deucent had
dacraaaedto U1 feet par seccmdtrue alrapeadand tie rata of rotation
had increaeedto O.A rpa. The radluacd?spinno -11, 3.5 feet.

Recomrle8 from flat epha wpre gamrdly alowr thanracoveriee
from steepapinabut the -o of fll~t ~th aftertia rotationceased
ware zitllldependenton * elevatordeflectla awl wera slmllarto
thoseprevloualydaacrlbed.

..

Forca and hzent Coafficlantafor the SteadySpin

Tha aarodynamlcforce= ~t coafflcientmware ccmgmtadfor
the aptiof figme 8 qpm the aaamzption that the resultant aamdynmic
forcema papandlcular to the alrplana XY ~ (appt’cx~ 12m ~-chord
@aria). The alrplanaIn a apln la In a stateof equilibriumand tie
Inertiacouplesare b-ad by oppoalteaamdynamio couples. The
Inertiamuplea were obtdned frm Her’s equationaa follow:

.

Inertiarollingmmamt L = (Iy - IZ)qr

Inertia pitching Dxxntmt M - (I2 - Ix)~

Inertiayawingmaaut H = (Ix - Iy)pq

where p, q, and r are ~e o~cmant ~ velocitiesabouttho
body axaa. In ocavartlngthem lmmnta to Coefficlanta, the character-
isticlangtheemployedware the wing chordfor ~ pitchinglum?altand
thenlng apanfor therolllngti yawingImQanttl●
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After Caqpl.eimk?l O& we .teetaIn we 20-footfree-aplaalngtuunel,
wmdelwaa~ m* b~elnthefree_fli@t tunnelmall&e
llft,Ule drag,- the pltoMbg-mmant Ooacfloienta~ maaamd Vital

.. . .Qonixplmnpulmalf- 6ea augbs C& attaok abow3 * s-• Sideallp
vaa zmt elm&ted d- tliebaliiimetee- becaaae-Itvaa felt -t
thlafaotarwnll.dhave but I.lttleaeot ● The OoefflciemaObtaimd
fmmthebal.ame dataham be- ocxz’aotedtoommspmd to the em-l
deflectima dtiemdellntheapln andare~tothewaluea
aalqputedfm’ - qpln of flgm?e8 M follom:

4

Coefflalmth
_ Rolllng Pltohlng Yaldng

~t ~t luxmnt

-- 0.* lm& o.-
for Epln

-0.476 0 .(MQ*

Balanoe . .840 ● . ------ - ●S17 . .. ----
w

The d.lfferaaaoee between the mluea of foroes d maaentafar the

EIpimlngmodel aud the ~ valueef= themodal on the
balanoecan be aabumedto be principallydne to the rotationIn the
apln● It Is evidentthatthe rotationled to a aawwhat hlgh~ value
of the lift coefficient,cm _oLably hl@er *UO of the drag
coefficicaat,and a eunallerxxme-dounpltohlng—mawnt Ooefflcient.
Theme @feota of the rotationhave alsobm =ted In prevloua inatanoea.

I&NM fwtomhl Iae flteabm *.” The I.O&lfaotara (Dmml to ae
thrust axia)h the mte~ aplnhavebeam @van on the oharta. These
loadfactorswere ccauputedaa l/elna an the aaamptlm that the
resultantaemdynmlo fame In a apln 10 appmdmaw mrml to tie
body ~ _. A plot of these load fao~ a@nat mgle of ●ttack
iu givenIn figme U.. R is the reaul~t ~o foroe. Load
faotorac-ted aa l/aln (a+ 2) have also~ plotted mrreapmdlng
tothemcre ~te aeamqtim that the reualtmt fame 18 naml
totheohord a?tbevhg (wtnglnoldenoevae2°).

* e~~ Ch-k = ~ --w ~ ~ LWUU!WOM ~~
the Inollnatia of the mm+tmt foroe can be made ~ directly maaurlng
the radluaat aplna by meaaurlng.the ratio of U% to dragfar the
aaplete mdel.

Meaauredradiiobtainedframmotlm plct~a mm EMller than
cmputed valuaa,eapectalJyfor the steeperEplna. Baaed on tlm
meaawed radiiof aptithe inollnationa? the zwmultantforoewas
cnmputedto be frm OOto 8°reazward of the body nomel or Z axle.
The comwpondingly lowerloadfactorsare alaopresentedin figure11.

— ——
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m - to obtainaaaltloumlinf-tlm m the Inolhlatimlof
xwultmt force above the o-, the balame m9ammmmn ts an tie

Btatix *1 ~ Ma. The ~ lift/dragoorrespcmdedto
anlnollnationarresultantfcxue varyingh@toyreanmrdcf
the naml aria● The load faotcre(fig.U) f= a @n tith Wese
valmm fcm llft/dragwouldvaryfrom l/aln (u + 2) f= the ncmml
spin ●ttitudeto l/elna f= a very Bteepspin.

me ~t be- tie ~~tu ~ ~ ~~t ~~ti ~
ocmputlngthe load factor10 regardedam fair for steepspinsand good
for flat spins= The valwo far the loadfactorsccmsidemd equal
to l/alna are the most comservatlva(hi@eot) - thosebased on .
the measuredradll of spinsare the lowest. Themeresultsindicate
that the loadfactorof * DC-3 airplane In a spin till pwbably
not exceeda value& 3.09

In orderto lnveatigatef’urWerthe ~c loadslikag to
be mcountered duringa suddench~ In attltade,tie ncrmal-fmce
ooefflclentsfor the DC-3-1 vama computedh the free-flight
tmnal b-e data. The _ponaal-fcrcecoefficient,that is, force
coefficientalong- body Z axia,decreasedgraduallyfrcm a value
of 1.20at an angleof attack a ‘of 35° to 1.05 at tie stalland then
decreasedrapidlyaa a decmaoed. It c= thereforebe Inferredthat
the alrplsnatill not e~enoe ● peak loadfacturif it is mddenly
noseddownfrca a oonditicmalma the stallto an angleof attack
belcv the stall, -es the rata @ &scat increases very ~.

Relatlcm& velocl~ ~ d a Sltlw 10st tc loadfactorIn
pxovam frcm a diva.- When the spinrotationceases,the aiz@ane 1s
gemmdly In a steepdin and ia @nlng speed. The pilothas the
alternativeof puUAng tiea~m sharp= out of the dl=, a procedurethat
till glvsrise to high loadfat-, or pull~ the airplanecut
graduallyvlthmderate loadfactorsbut with greater10ss h altitude
and greater@n in velocity. Referencek giveschartsfor de~,
f= a given @pa of pull-cut (that 1s, Imposedloadfactorvariation),
the altitMe lost and the Velcoim @ned In the returnto levelflight
In tams of the veloci@ W the fli@t path at the startof the puU-out=
By use of thesechertsthe altl- lostand the velcci~ gainedh the
divahavebeen detm’minadfor a recoverysimilarto that shown
in flgura9. The diva was assumedto startwith a -loci& of 173 miles
par hour imuaairspeed(149mph Indicatedairspeed)at an altitude
of 8500feet and it vas arbitrarilyconsideredthat the Initialpath
was vertical. The dragparameter K was asmznedto have a value
of 0.030and the loadfactorwas takento increasellneerlyfrom O

,to 2 In 2 secondsand then b resnainconstantuntillevelfli@t was
attained. The velocl~ Incrament obtainedwas 110 milesper hour
Indicatedalr

T
givinga finalvelocl~ of 285 milesper hour

true airspeed 259’mphIndicatedalrqeed), - the altitudelosswas
approximately2000 feet. These valuesare mibJectto a muiU comection
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boauae *
higher~

mean elti~ ihxlngthe reoowery~ ‘&e divama mmauhat
thevalue uaadinrafazmmoeh.

Y. . .

‘ Ccnqputationaof ● mlml- nature havebeen made by the_Douglas
AlroreftCompany,In uhlohtie aa~d ooxxlltlonaware the mm exoapt
~at tie Initial-1.ooityma takam.as El ties per hour true alrapead
(130@ indicatedalrapoa@ and the inltlalaltitudewaa 10,000feet.
9%0 cxmqputedfinalveloole waa 299 mlleapad hour true alrapeed
(266@ indicated alrapead) wlti m altitude loaa d 2340 feet In ●

tlma Intervalof 13 aeocmda. The cxzqputedrasulta- the tnm aourcen
arethualn good ~t” .

Aa ilM plaoard diva apaedd the DC-a drplmM la 2@ mlleapar
hour, it 10 Obvlouathat aHIJ?ul piloting16 eseantialto amid on
thaomehmd meadlngaaafe loadfaotorand atheotiar hand exceeding
- allowdblamaxlmanairapaad.

The preoedl.ngexamplewaa for an initialvalooityof 173 miles
per hour - draped, baaed on tie testremlte fom the lunmlalload%.
It should‘beappraolatedthat,for otherloadhga, the initialvelooitleo
and the maxhmm velooitleadlarlngthe pull-outeml~t be mtlcedbly
hi@ar .

The ohmta h rafemnOe 4 ahov that the Initial flight path ham a
mnaldarableeffecton both the velool~ gainedand the altitudelost.
It appearsthat tie flatterinitialfli~t pathsglva amallarInoramanta
of velooi~ and mnallaraltitudeloaseethan the steeperfll@ patha.
The motionof the DC-3 ml afterthe rotationceaaaddependedon the
elevatordeflectionduringthe racomry fran the frpln,wlti elevator-
UP dafleotlm glvlngfli@t pathsviti a noticeablehorizontal
ccmponant~eraaa eleva~ neu&al or lowemgave verticalflightpatha.
Thus, It 10 evldantthatmduotlona in the veloci~ gainedand the
altltudalost h the ratmznto levelflightfollmwlngthe raoovary
from the eplnmay be seom?edby holdiag- elevatorabovethe neutral
poaltionduringtbe recoveryfran the apln.

Altitude 10aalnreo tmina.- F- 9 Indlcataa that there
la an altitudelossof &~lY 1000f-t ~ the the tie ~~lfJ
are movedwntll *. aplnrotatla ceaeea. It haa pretioualyhen ahcnm
that au additional2000 to 2500feet are thenrequlradto ralxnmto
levelfli@ withoutImpoalngmeseiva s~ti loadacm the airplane.
Appxwxlmately3000feet am, thmwfora, naoemary to regainnamal
fll@t attitudaafrcxna apln.

*laal loada.-At&nrtl~ Is oalladto tie fact that the lea;
faotorapmvlouly @van ham bam tie M&l faotoaw f= the alrplaua
aa awhole. Theaaymetrical alrflov~tha a~lnaaplnnmy
glva exessim- hi~ 100alloada. Sczw Iafolmatiaon the praam
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Us=htiona nd*lOOall Odbm thevinga andtalllnaaplnmy
oMUimaa frcznthe reaultad fli*t teutaof m olderfi@$llxr-Qpe
alroraft(referaatoe5)● mla in’eamme-dlatmlbutlallnTelBtialtim

be

aholredaejlzmatrhaiadingal-tie ldngamdtdlplmlel&h#uoodl
brideat aam polnta. ~e _ of a~tural. falltu’efran hl@ 100al
lsadaIuu6ttiamfora mt be omrlooked.

AaaalMd iJlvlaualldxlgthe looalalrflsw overthed.lffarent
x & ae ~, ~ m-to velooi@ canpomenta(b~
ma) a? the relati- _ at * canter of mvlty, tie wing tips,and
thetail ar*~-3model for the apinoct’fignre8aremin
figure12D It 16 apparent* thisfigurethat,altJm@ the rl@t
(outer)wing tip is not slalled,the angleof attaokInoraaaeallne=ly
toalarge walna(35°) at the planeof~~andtoanextram-.
lar~ time at * Imu9rwing tip= The harizatal tallplane Is alao
stalledand * is ocxuidemablaoulamrdsldeallpat the tall.

m estlmat~ loadsam * -iCal tail It ehcmlab: remmdbared
that tie vertioalaurfaoeowillbe partly “blanketed”by the outboard
h~m af the harizontedwtallp-; that 18, ~ tailp- till caat
= a~c ~~ ~ tie ~ic~ ~0 ~-f~ PiCtUZWE
=3: ~ata fa a ~er alrplme In a epin are paeentad

.

~afl M ad.-An attaqptwaa made to appmotite the load on the tail
for the aptiof fi~ 8 by d.eduotingthe estimatedpitoh~ wmen
due to the wing and fneelagefrczzthe preti~ evaluated@tch&
~t for the completetiel and ezpresolngthe ramlning ~t In
termsof the tail load.

Informationon “tiepitohlngmomnt of the DC-3 Mng and fuselage
ma not available but eetimatw, baaed cm data for othermodele,led
to valuesfar the load aotlng_ au the tallof the orderof
3000 m 4000 pmmda (15 d 20 Ib/aqft) uhem the elevator.was up.
The fll@t InvestigationdeaorlbedIn red’aremoe5 ahovathat In a spin
the peak 100alpressureom the tallplanemay be considerablyIn exoesa
of the averagevalue. Ww--l test data glvdngtall liftcoaffi-
clentaam a purault-airplamatalltit, slmllarIn aectiomand plan
form of stabilizerand eleva- to that& the DC*3,at high angles
of attack(refaranoe7) were uaad in gettinga ohaokvalueof the
probable.order& magnltudaof the load cm the DC-3 airplanetail
plane In a epln. !!%svaluetha obtalnadwaa about2000 poundsfor
elevatorfull ~.

Stmllarestimatesof the tail lode h the samm uptibut with
elevatorat neuta’algave tall-planeloadadbouttwicethe values
obtainedfor elevatorflill.up.

.

— —1-1-
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me refnllta
efxe@lla!neaa,O&
Aa mdel raaulta

The problem am -au aa to *tier the pilot cm O* endfiolent
foroeom theuhael andmtharn&lar pedal tomm*eoontro181n auoh
a ~= CoQputatloxaa were * of tie atiok foroereqplredto etart
_ the elevmtor~ for the aptiof figure8. Far *aa muputaticma,
hinga-~t ooaffioi-t valueaveme takenfrau refarenoe7 md it was
ammed that 12Melamtor ma cqpletely mm balmoetl. Thls foroe
WaEIabout160 pomda tiioh,altimughM*, is titilntie physicalOa*lli@
of a pilotuho IS usingtm h- on the wheel (reihmeme8).

Referenoe~ lndicateathattlw elevator-mn&ol foroecanbe
materiallyreducedby settingthe traillngedgeof the ~lmnlng tab
fuld up when the elevator10 up.

The foroe requlrad to move We elevator &wuward would be ~lably
greaterwhen tie elevator10 nau~ aid it 10 dcnibid?nl.whatiama dx@l.e
pilotoouldmove tie eleva~ to *e neutml poaitlcaeventith the
aOaiOtanceCU the tx~~~ tab when the DC-3 alxTIlma 10 b a apln.

Model tasteindicatedthat- tie rudder- releaaedIt would
floattowardneu&al but it ma _eible to detemmlnathe fu
poeition. The rudderforoeo ml the allerom foroeswere not coqputed
but it In felt that,_ certainoondltiam, ~ey too ml@t be hi@.
The pilotwill probdb~ e~lemoe dMYimil~ in mmlng D- of the
oontmls -em the drplana Is In a 6plnaud the poaBibill@ exlstathat
the foroesmay.be so greatthattheneoeasaryreo~ mnlpulatlcm
d * mela Gmt be palrfti.

mdloatd Mrapeul

The aocmraoy of the indloatetl pitotairapeetlreadingfor determination
of rate of demoed of m alrplauein a apln is questlmablebeoauee
of aemral ~a of ~.

- a apm the fimedpitottribeis mt allnedtith the local
‘airflowbeoauaethe alqplanaio rotatingand at a ~ englsof attack.
Both tiema@tmla and &e directionof the 100alair velool~ ~
~~ ~= ~e v=iation of alr flow along the upen waa Indicated

. Ifthepitot laibeweralaoateilwall ulatalcmgtheapan,
pertionlarlyon * ~ xti-q@,ti-_bea large -

●

���� ���✎ ✎ ✎ ✎
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almrepanq betmaal we malontea qeea ma the ia’uerate of &scent ●

For &e naual Pitot-+aiba looaficm unikm the nose on * DC-3 airplane,
thearrar ilmdlreotlytitham@ &attack amltotherotatlcmaC
the airnlane la m$babls RMEUh a atean a@n= !Emre la. hmmer.
a pc8f&li* tit at &a

emorodngtotheaf’feds

flow.

put

Fbr reascma dlacuaaed
the IK-3 aimlane into

~ of att&k ‘kern q be 6 appreciable
& ~elage MaWeramoe on the localalr

~RIWUixS

in thetext, it la not mualdered safeto
m eetAbliahedepln. The mdel results

Indicatethefolking upln characteriatias-far* DC-3 airplane
With flqps ana lmalng gear ~tea:

1. With tie Mmpaaaemger loadlngcondlticmand the normal
controlconfigcratlcmfor spa, the aplntillbe eteep,drplane
nose down55° from the horizontal, and the mte of deecant till be
about 175 feat per mcond true alrapeed. The load factorfor the
airplaneduringthe eetdb~ahed aplntillbe appmrhately 1.7. It
10 reccmended thatfor recoverythe ruM& be rapidlyrevereed to
full againsttie uph afterWch tie elevatorshouldbe nmwaddown
until it 18 about10° above - neu= poaiticm. !fheelleroneshould
be keptnmtral. l’hh con-l manlpulatlrnshouldmake the alz@ane
slmp spinning after about1 additionaltcmn. At thlapointlb
airplane will be dlvlngat about170milesper - tame airspeed.
M tie adm!quent pull-cmta loadfactorc& dbout2 shouldbe
malntalnalIn an atteqt to anld excessive@In In aped whilekeeping
vlthlntie normalload-factorramge.

2. A flat aplatith nose ~~ h(l”belowhorizcmtal.azula nta
of &zceOt & 95 mlleaper lmur cm alsobe oMelne&. ThiE ccmdlticm
can be eqected lf tie elevata is downml the allarona- agalnat
while W rudderIs stilltith the apln.

3. E tie recovery ie effected vhlle the elevator 10 above the
neutralpoeltlcm,the fllat paw la tie divawill hwu an appreciable
horizarbsl Ccqmmnt. E?.the elevutorIs neutialor dom, tie recovery

“ divetillbe verticaland therewillbe pa- Probabill& of exceeding
the safeloadfactor during tie pu31-outs.

k. For the ~ fcm?ardcmlter-of-~vl~ ccmdltion,the
airplanetill show less tandenc~to ramalnin a spin. For the maximum
cargocandltlon,recove~ tillbe adverselym=tea when the elevator
IS &ownand allercna are agalnat the apln. Reaul.tefor the reuuahlng
operatinglotilngatillbe similarto thosef= the maximum passenger
loading.
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~. AppxdmateQ 30Q0feetwillbe lomt _ the reoovuryfrcm
theopln anathepull-oailfxxlmtheqmauingdlve.

6. u foroeoneoeomry to ~ the oan~ls in a aplnmay be eJO
high M to regulretie ~lned eff’ortaof the pilot and oo-pilot. h
thismxmeotion, tt shouldbe ~ted thattie el~ trlmzlngtab can
be wad effeotlYoly to hem ~ tie elevatordown.

8. Reo~ fran ln~tad spinscanprc$bdblybe effectedby
neutralizingthe ●ileronaaM the rudder.

LangleyMmorhl AeronautlmlLdbaratary,
lTatimalAMle~ C~ttee for Aerczmztict3,

~OY Field,Va.
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Figure2.- Three-quarterfrontview of the
1— - scale model oftieDouglas

23.75

DC-3 airplane.



Figure 30- Side view of the ~- scale model of the Douglas DC-3 airplane.
.
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Figure 4.- Three-quarter rearview of the *- scale model of the
.

Douglas DC-3 airplane.
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Figure 5.- Recovery from an elevator -up spin. Control settings:
rudder as noted, elevator full up, ailerons neutral. Recovered

in ~ turn (frames 6 to 26).
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Figure 6.- Recovery from an elevator-neutral s~in. Control
settings: rudder- as noted, elevator neutral, &lerons neutral.
Recovered in 1 turn (frames 11 to 39).



Figure 7.- Recovery from an elevator-down spin. Control settings:
rudder as noted, elevator full down; ailerons neutral. Recovered

in Ii turns (frames 6 to 37).
.
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Figure 8.- Typical steep spin. Control settings: rudder full with
the spin elevator full up, ailerons neutral. Full-scale values:
a= ~5(3, Qj = 7°, v = 172ft/sec(l17mph),radiusof spin= 13.6ft,

Q= 0.29rev/sec.
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FIG. 9– STEADY SPIN AND RECOVERY OF DC-3
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Figure 10. - Typical flat spin. Control settings: rudder full witi
- the spin, elevator neutr-d, ailerons neutral: Full-scale values:

a = 63°, @ = 5°, V = 121 ft/sec (82 mph), n = 0.34 rev/see,
radius of spin = 3.5 ft.
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Figure 12. - Component@ of relative wind at oenter of
gravity, wing tips, and tall assembly of the DC-3 model
during steady left epin shown in figsarea8 and 9.
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